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HIIHFWVDUHFRQVLGHUHGWREHLQVLJQLILFDQWDWWKHVHWHPSHUDWXUHV+RZHYHUWKHVWUXFWXUDOPHWDOVDQGDOOR\VGRFUHHS
EHORZWKLVWHPSHUDWXUHGRZQWRQRUPDOURRPWHPSHUDWXUHZKLFKLVUHIHUUHGEHORZDOVRDVWKHORZWHPSHUDWXUHFUHHS
$OVRHQYLURQPHQWDOHIIHFWVRQPDWHULDOGHJUDGDWLRQDUHW\SLFDOO\QRWLQFOXGHGLQWKHGHVLJQSURFHVVLQSDUWGXH
WRWKHGHVLJQHU¶VODFNRYHURSHUDWLRQDOFRQWURORURIDSSOLFDEOHGDWD)RUH[DPSOHLQWKHFDVHRIOLJKWZDWHUUHDFWRU
/:5V\VWHPV WKHSRVVLEOHDFFHOHUDWLQJHIIHFWVRIDTXHRXVFRUURVLRQRU LUUDGLDWLRQRQHQYLURQPHQWDOO\DVVLVWHG
FUDFNLQJ ($&GXH WRF\FOLFRU VWHDG\ ORDGVDUHQRW H[SOLFLWO\ DGGUHVVHG LQ WKHFRPSRQHQWGHVLJQ7KLVSRVHVD
TXHVWLRQ DQG D QHHG WR DVVHVV WKH GHVLJQ DGHTXDF\ IRU WKHVH HIIHFWV HVSHFLDOO\ RYHU ORQJWHUP RSHUDWLRQ 7KH
REMHFWLYHRI WKLVSDSHU LV WRH[DPLQHWKHSRWHQWLDOUROHRIFUHHSDW ORZWHPSHUDWXUHDQGRUXQGHU LUUDGLDWLRQLQ WKH
PDWHULDOGHJUDGDWLRQRI/:5FRPSRQHQWVGXHWR($&7KHSDSHUDOVRGHVFULEHVDSRVVLEOHDSSURDFKWRTXDQWLI\WKH
($&GDPDJHEDVHGRQVWUDLQUDWHFRQVLGHUDWLRQVDQGLOOXVWUDWHVLWVLPSOHPHQWDWLRQDQGYDOLGDWLRQ
)URP\HDUVRILQYHVWLJDWLRQVE\PDQ\LWKDVEHHQZHOOUHFRJQL]HGWKDWVWUHVVFRUURVLRQFUDFNLQJ6&&DQG($&
LQJHQHUDOLVDUHVXOWRIWKHFRQMRLQWDFWLRQRIWKUHHIDFWRUVEURDGO\FODVVLILHGDVWKHHQYLURQPHQWWHPSHUDWXUHDQG
FKHPLFDOFKDUDFWHULVWLFV WKHPDWHULDOPLFURVWUXFWXUHDQGWKHVWUHVVGHIRUPDWLRQPHFKDQLFV$W WKHVDPHWLPH
XQLYHUVDODFFHSWDQFHRUNQRZOHGJHRIDGHILQLWLYHRUGHWDLOPHFKDQLVWLFXQGHUVWDQGLQJRIKRZWKLVFRQMRLQWDFWLRQ
UHVXOWV LQ WKH GDPDJH HYROXWLRQ RU VXEFULWLFDO FUDFNLQJ LV JHQHUDOO\ ODFNLQJ PDNLQJ LW GLIILFXOW WR MXGJH WKH
DSSURSULDWHEDODQFHRUUHODWLYHVLJQLILFDQFHRIWKHVHWKUHHIDFWRUVIRUJHQHUDODSSOLFDWLRQ$VVXFKVRPHNQRZOHGJH
RIWKHVHYDULHGEXWHVVHQWLDOGLVFLSOLQHVLVDUHTXLUHGEDVLVIRUHQJLQHHULQJPDQDJHPHQWDQGTXDQWLWDWLYHDVVHVVPHQW
RIWKLVIRUPRIGDPDJH$QLQWHUGLVFLSOLQDU\DSSURDFKHYHQLIVLPSOLILHGWKDWKDVDSODXVLEOHVHPLHPSLULFDOEDVLVLV
WREHSUHIHUUHGWRWDOO\SK\VLFVEDVHGDSSURDFKKDVSURYHGWREHLOOXVLYHRUWRRFRPSOH[IRUHQJLQHHULQJDSSOLFDWLRQ
ZKLOH SXUHO\ HPSLULFDO RU VWDWLVWLFDO DSSURDFKEHFRPHVTXLWH OLPLWHG LQ VFRSH HVSHFLDOO\ IRU H[WHQGLQJGDWD IURP
ODERUDWRU\DFFHOHUDWHGFRQGLWLRQVWRVHUYLFHFRQGLWLRQVRUIRUPHDQLQJIXOUDQNLQJRIVXVFHSWLELOLW\IURPRQHVHWRI
FRPSRQHQWFRQGLWLRQVWRDQRWKHU
:LWKWKHDERYHEDFNJURXQGWKHPHFKDQLVPVDQGFKDUDFWHULVWLFVRIORZWHPSHUDWXUHFUHHSDQGLUUDGLDWLRQFUHHS
XQGHUQRUPDO/:5VHUYLFHFRQGLWLRQVDUHEULHIO\UHYLHZHGIROORZHGE\DVXPPDU\DVVHVVPHQWIRUWKHVLJQLILFDQFH
RIFUHHS LQUHODWLRQ WRSODXVLEOHPHFKDQLVWLFDVSHFWVDQGSKHQRPHQRORJLFDOREVHUYDWLRQVRI($&,W LVVKRZQWKDW
ZKLOH WKH WRWDO FUHHS GHIRUPDWLRQ LWVHOIPD\ QRW EH VLJQLILFDQW per se WKH DWWHQGDQW VORZ VWUDLQ UDWHV DUH OLNHO\
FRQWULEXWRUV FULWLFDO WR WKH PDQLIHVWDWLRQ DQG VORZ NLQHWLFV RI WKH ($& GHJUDGDWLRQ 7KLV UROH RI FUHHS DQG LWV
LQWHUDFWLRQ ZLWK ($& GDPDJH DUH IXUWKHU H[DPLQHG ZLWKLQ WKH IUDPHZRUN RI D FRQWLQXXP GDPDJH PHFKDQLFV
DSSURDFK XVHG WR TXDQWLI\ WKH NLQHWLFV RI GHJUDGDWLRQ 5HVXOWV RI LPSOHPHQWLQJ WKH DSSURDFK LWV YDOLGDWLRQ
OLPLWDWLRQVDQGIXUWKHUXVHIXOGHYHORSPHQWVDUHGLVFXVVHG
&UHHSXQGHUORZWHPSHUDWXUHDQGLUUDGLDWLRQ
:KLOHWKHORZWHPSHUDWXUHFUHHSRIVWUXFWXUDOPHWDOVLVIDLUO\ZHOONQRZQLQWKHVFLHQWLILFUHVHDUFKFRPPXQLWLHV
LWVHIIHFWLVW\SLFDOO\H[FOXGHGIURPGHVLJQFRQVLGHUDWLRQVEHORZDERXW.LQWKHFDVHRIVWHHOVDQGQLFNHOEDVHG
DOOR\V XVHG LQ /:5 DSSOLFDWLRQV 7KLV H[FOXVLRQ PD\ OLNHO\ KDYH FRQWULEXWHG WR WKH EHOLHI DW OHDVW LQ WKH
HQJLQHHULQJFRPPXQLW\LQJHQHUDOWKDWWKHVWUXFWXUDOPHWDOVKDUGO\LIDWDOOFUHHSLQWKHORZWHPSHUDWXUHUHJLPH
$VVXFKDEULHIUHYLHZRISHUWLQHQWFUHHSREVHUYDWLRQVLVFRQVLGHUHGXVHIXODVDEDFNGURSIRUWKHLQFOXVLRQRIFUHHS
EHORZLQWKHDVVHVVPHQWRI($&WKLVUHYLHZLVPHDQWWREHLOOXVWUDWLYHUDWKHUWKDQEHLQJH[KDXVWLYH$PRUHUHFHQW
UHYLHZRIGDWD DQG UHODWHGPHFKDQLVPVRI FUHHS >@ DOVRSURYLGH D FRQILUPDWLRQRI WKH ORZ WHPSHUDWXUH FUHHSRI
VHYHUDOVWUXFWXUDOPHWDOV
)RU LQVWDQFH LQ RQH RI WKH HDUO\ ZRUNV >@ FUHHS ZDV PHDVXUHG XQGHU GLUHFW VWUHVV LQ D QXPEHU RI PHWDOV
LQFOXGLQJFRSSHUDOXPLQXPVWHHODQGPRQHOPHWDOZKHUHLWZDVQRWHGWKDWDYHU\VPDOOEXWGHILQLWHDPRXQWRI
FUHHS RFFXUUHG HYHQ DW YHU\ ORZ VWUHVVHV DW URRP WHPSHUDWXUH DQG E WKH FUHHS FRQWLQXHG IRU LQGHILQLWHO\ ORQJ
SHULRGVSHFLPHQVKDYLQJIRXQGWRFRQWLQXHWRGHIRUPDIWHUVL[\HDUV/LNHZLVH ORQJWHUPEH\RQGKRXUV
FUHHS DW URRP WHPSHUDWXUH HYHQEHORZ\LHOG VWUHVV OHYHOVZDV UHSRUWHGRQ VWDQGDUG VWDLQOHVV VWHHO >@ DQG
EH\RQGKRXUVDW URRPWHPSHUDWXUH LQ$,6,7\SHVWHHOQHDU\LHOGVWUHVV >@6LJQLILFDQWSRVW\LHOGFUHHS
VWUDLQVZHUH UHSRUWHG LQPLOG VWHHO DQG LQDXVWHQLWLF VWDLQOHVV VWHHOV HYHQDW URRP WHPSHUDWXUH >@ DOVR FUHHS
ZLWKLQWKHSODVWLFHQFODYHDWDQRWFKZDVQRWHGLQDQRWKHUZLVHHODVWLFDOO\GHIRUPLQJPHPEHUDQGWKHFUHHSEHKDYLRU
SDUDOOHOHGWKDWRIWKHSRVW\LHOGXQQRWFKHGPHPEHU>@7KHRFFXUUHQFHRIFUHHSLQ$OOR\DURXQG.ZDV
H[SHULPHQWDOO\ FRQILUPHG >@ DOVR FRQFOXGLQJ WKDW WKH FUHHS SOD\V DQ LPSRUWDQW UROH LQ WKH LQWHUJUDQXODU 6&&
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REVHUYHGLQ$OOR\LQKLJKSXULW\ZDWHU7KHFUHHSRIVHYHUDOUHODWHGQLFNHOEDVHDOOR\VLQWKHORZWHPSHUDWXUH
UHJLPHZDVVXPPDUL]HG LQ >@6LPLODUFUHHSREVHUYDWLRQVKDYHEHHQFRQILUPHG LQRWKHUDXVWHQLWLFIHUULWLFVWHHOV
>@DQGLQKLJKVWUHQJWKVWHHOV>@
,QJHQHUDOWKHORZWHPSHUDWXUHORZVWUHVVFUHHSLVFODVVLILHGDVWKHORJDULWKPLFRUSULPDU\FUHHSZKHUHWKHVWUDLQ
UDWHW\SLFDOO\IDOOVZLWKWLPHGXHWRWKHPDWHULDOKDUGHQLQJUHODWHGWRWKHLQFUHDVHGUHVLVWDQFHWRGLVORFDWLRQJOLGHWKDW
PD\EHRYHUFRPHZLWKWKHWKHUPDOO\DFWLYDWHGFURVVVOLSSURFHVVHVSHFLDOO\LQIDFHFHQWHUHGFXELFDOOR\VGHSHQGHQW
RQWKHVWUHVVOHYHO$WVRPHZKDWKLJKHUWHPSHUDWXUHVWKHYDFDQF\UHODWHGDQGGLIIXVLRQEDVHGPHFKDQLVPVEHFRPH
PRUHVLJQLILFDQWDVZHOO8QGHUVHUYLFHFRQGLWLRQVRSHUDWLRQDOORDGIOXFWXDWLRQVDQGWKHWUHQGWRZDUGVXVHRIORDG
IROORZLQJDFWDVDQDGGHGVRXUFHRIVWUDLQUDWHGXHWRSRVVLEOHUHVWDUWLQJRIWKHSULPDU\SKDVHLQZKLFKWKHFUHHS
UDWH LV XVXDOO\ HQKDQFHG FRPSDUHG WR WKDW DW WKH VWHDG\ VWDWH )XUWKHUPRUH ORFDO LQWHUDFWLRQ DQG GDPDJH GXH WR
HQYLURQPHQWDOHIIHFWVDFWWRVXVWDLQRUDFFHOHUDWHWKHORFDOLQHODVWLFGHIRUPDWLRQUHVSRQVH
6HYHUDO /:5 YHVVHO LQWHUQDO FRPSRQHQWV HYHQ WKRXJK RSHUDWLQJ EHORZ DERXW  . DUH DOVR VXEMHFW WR
LUUDGLDWLRQ LQDGGLWLRQ WR WKH VWUHVVDQG WHPSHUDWXUHFRQGLWLRQVZKLFK OHDGV WRPDWHULDOGDPDJHRYHU WLPH WKDW LV
FXPXODWLYH LQQDWXUH7KH LQHODVWLFDQG WLPHGHSHQGHQWGHIRUPDWLRQ LVHQKDQFHGXQGHU WKHVLPXOWDQHRXVDFWLRQRI
VWUHVV DQG LUUDGLDWLRQ DQG LW LV FDOOHG WKH LUUDGLDWLRQ FUHHS WKDW LV GLVWLQFW DQGGLVWLQJXLVKHG IURP WKH FRPPRQO\
NQRZQWKHUPDOFUHHS,W LVDQRWKHUVRXUFHRI WLPHGHSHQGHQWVWUDLQLQJLQUHDFWRU LQWHUQDOV LQDGGLWLRQWR WKHRWKHU
VRXUFHV RI FUHHSQRWHG DERYH7KLV HQKDQFHG LQHODVWLF GHIRUPDWLRQ LV D UHVXOW RI WKH FRQWLQXLQJPDWHULDO GDPDJH
FDXVHGE\WKHERPEDUGPHQWRIKLJKHQHUJ\DERXWWR0H9DQGDERYHQHXWURQVWKDWSURGXFHH[FHVVYDFDQFLHV
LQWHUVWLWLDOV WKHLU IDXOWHG RU SULVPDWLF ORRSV DQG VWDFNLQJIDXOW WHWUDKHGUD >±@ ZKLFK LQ WXUQ LQWHUDFW DQG
LQIOXHQFH WKH JOLGH DQG FOLPEPRWLRQ RI GLVORFDWLRQV 7KH HIIHFW RI LUUDGLDWLRQ GDPDJH RQPDWHULDO FUHHS RIWHQ
DWWULEXWHGWRWKHVHLQGXFHGGHIHFWVKDVEHHQUHSRUWHGIRUPDQ\\HDUV>HJ@DVDVWUDLQLQJPHFKDQLVPVHSDUDWH
IURPWKHUPDOFUHHSDOWKRXJKLWVLPSDFWRQWKHUPDOO\DFWLYDWHGPHFKDQLVPVFDQ¶WEHFRPSOHWHO\H[FOXGHGHVSHFLDOO\
DWKLJKHUUDQJHRIWHPSHUDWXUHDQGRUVWUHVVHV7KHLUUDGLDWLRQFUHHSKDVRIWHQEHHQH[DPLQHGRUFORVHO\DVVRFLDWHG
ZLWKWKHYRLGVZHOOLQJSKHQRPHQRQXQGHULUUDGLDWLRQDWPLGWRKLJKWHPSHUDWXUHVDOWKRXJKWKHWZRDUHGLVWLQFW
8QGHUWKHW\SLFDOFRQGLWLRQVRI/:5RSHUDWLRQWKHVWUDLQUDWHFRQWULEXWLRQGXHWRLUUDGLDWLRQFDQEHVLJQLILFDQWLQ
FRPSDULVRQZLWK WKH WKHUPDO FUHHSZKHUH WKH IRUPHU LVZHDNO\GHSHQGHQWRQ WHPSHUDWXUHDQGKDVDPXFK ORZHU
VHQVLWLYLW\WRVWUHVVVHYHUDOUHYLHZVFRYHUWKHUHOHYDQWH[SHULPHQWDOREVHUYDWLRQV>HJ±@([SHULPHQWDOZRUN
KDV DOVR FRQILUPHG LUUDGLDWLRQ FUHHS LQ WKH FDVH RI VHULHV VWDLQOHVV VWHHOV >@ XQGHU /:5 FRQGLWLRQV 7KH
XQGHUO\LQJ PHFKDQLVPV VWLOO LQYROYH LQWHUDFWLRQ HIIHFWV RI VWUHVV ZLWK GLVORFDWLRQ PRWLRQ RI JOLGHFOLPE DQG
YDFDQFLHVEXWFRQWLQXLQJHVSHFLDOO\EHORZ\LHOGVWUHVVZLWKQHDUO\OLQHDUGHSHQGHQFHRIVWUDLQUDWHRQVWUHVVDQGRQ
WKHLUUDGLDWLRQQHXWURQIOX['XHWRWKHLUUDGLDWLRQLQGXFHGGHIHFWVWKHPHFKDQLVPRIGLVORFDWLRQFOLPELVRSHUDWLYH
HYHQDW WKH ORZHU WHPSHUDWXUHVDVZHOO OHDGLQJ WR WKHFOLPEDVVLVWHGHQKDQFHGJOLGHRIGLVORFDWLRQVDV DSRVVLEOH
PHFKDQLVP >@ ,QGHHG EDVHG RQ D GLVORFDWLRQ FOLPEPRGHO IRU WKH VWHDG\VWDWH LUUDGLDWLRQ FUHHS RI QRQILVVLOH
PDWHULDOV DW ORZWHPSHUDWXUH WKH OLQHDU GHSHQGHQFH RI FUHHS UDWH RQ DSSOLHG VWUHVV DQG RQ LUUDGLDWLRQ IOX[
LQGHSHQGHQWRIWHPSHUDWXUHZDVSUHGLFWHG>@DQGH[SHULPHQWDOO\REVHUYHG>@$OVRYDULRXVPHFKDQLVPV
RI LUUDGLDWLRQFUHHSDVUHYLHZHG>@HPSKDVL]H WKH LQYROYHPHQWRIGLVORFDWLRQSURFHVVHVDQG WKHLU LQWHUDFWLRQ
ZLWK RWKHU GHIHFWV XQGHU VWUHVV 7KHVH PHFKDQLVPV LQFOXGH WKH VRFDOOHG VWUHVVLQGXFHG SUHIHUHQWLDO DEVRUSWLRQ
6,3$ RI LQWHUVWLWLDOV DW HGJH GLVORFDWLRQV WKH VWUHVVLQGXFHG SUHIHUUHG QXFOHDWLRQ 6,31 RI GLVORFDWLRQ ORRSV
FOLPEHQDEOHGSUHIHUUHGDEVRUSWLRQJOLGH 3$* >@ DQG WKH UDGLDWLRQDQG VWUHVV LQGXFHGGLIIHUHQFH LQ HPLVVLRQ
56,'(RIYDFDQFLHVIURPGLVORFDWLRQVRIGLIIHUHQWRULHQWDWLRQVZLWKUHVSHFWWRWKHH[WHUQDOVWUHVV>@
,WLVFRQFOXGHGWKDWWKHPHWDOOLFPDWHULDOVDUHVXEMHFWWRPHDVXUDEOHFUHHSGHIRUPDWLRQHYHQXQGHUFRQGLWLRQVRI
UHODWLYHO\ORZWHPSHUDWXUHVDQGVWUHVVHVLQ/:5VHUYLFHZLWKRUZLWKRXWLUUDGLDWLRQ$OWKRXJKWKHVLJQLILFDQFHRI
WKLV FUHHSPD\ EH OLWWOH ZLWK UHJDUG WR WKH FRPSRQHQW VWUHQJWK RU WRWDO GHIRUPDWLRQDO FRQVLGHUDWLRQV WKLV LV QRW
QHFHVVDULO\WKHFDVHZLWKUHVSHFWWRWKH($&GDPDJHHVSHFLDOO\RYHUORQJSHULRGVRIRSHUDWLRQGXHWRWKHUHVXOWLQJ
VORZDQGVXVWDLQHGVWUDLQUDWHVDVGLVFXVVHGEHORZ


$VDQRWHRIKLVWRULFLQWHUHVWRQHRIWKHHDUOLHVWLIQRWWKHILUVWILQGLQJVRQWKHHIIHFWRILUUDGLDWLRQRQFUHHSZHUHUHSRUWHGE\$QGUDGHLQ
>@ZKRVHQDPHLVIDPRXVO\DVVRFLDWHGZLWKWKHSULPDU\FUHHSODZIRUXQLUUDGLDWHGPHWDOV
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6LJQLILFDQFHRIFUHHSLQ($&
&UHHSLVDQDFWLYHIRUPRIVWUDLQLQJWKDWFRQWULEXWHV WRUHODWLYHO\VORZVWUDLQUDWHVDW ORZWHPSHUDWXUHVVWUHVVHV
+LJKHURUFKDQJLQJVWUHVVWKHUPDOFRQGLWLRQVHQKDQFHWKHYLVFRXVDQGQRQYLVFRXVHODVWLFSODVWLFVWUDLQUDWHV(YHQ
LI RQH FRQVLGHUV WKH VWUHVV±WHPSHUDWXUH UHJLPH GRPLQDWHG E\ WKH W\SLFDO SULPDU\ FUHHS UHVSRQVH WKH F\FOLF
FRQGLWLRQVFDQUHLQLWLDWHWKHSULPDU\FUHHSDOVRDQ\IRUPDFWLYHPDWHULDOGDPDJH²VXFKDVGXHWRWKHLQWHUDFWLRQRI
HQYLURQPHQW DQG LWV LQWHUIDFH ZLWK WKH PDWHULDO²ZLOO HQKDQFH ORFDO VWUDLQLQJ DV ZHOO 7KH QHW UHVXOWDQW DQG
FRQWLQXHGVWUDLQLQJKDVEHHQFRQVLGHUHGWRSOD\DFULWLFDOUROHLQWKHSURFHVVRI($&>HJ±@DQGLWKDVOHGWRD
VWDQGDUGSUDFWLFH IRU VORZVWUDLQUDWH WHVWLQJ >@7KH VLJQLILFDQFHRI VWUDLQ UDWH LQFOXGLQJFUHHSZDVDOVRPDGH
PRUHH[SOLFLWLQWKHHDUOLHUTXDQWLWDWLYHPRGHOLQJRI6&&UHVSRQVHRI7\SHVWDLQOHVVVWHHOLQR[\JHQDWHGZDWHU
>@DQGRI1L&U)H$OOR\LQGHR[\JHQDWHGZDWHU>@W\SLFDORI/:5FRQGLWLRQV7KLVUROHRIVWUDLQUDWHDV
EULHIO\ GLVFXVVHG EHORZ LV VXSSRUWHG E\ SKHQRPHQRORJLFDO DQG VHUYLFH IDLOXUH REVHUYDWLRQV DVZHOO DV SODXVLEOH
PHFKDQLVWLFFRQVLGHUDWLRQV
,QPDQ\DOOR\±HQYLURQPHQWV\VWHPVWKHUDQJHRISDUDPHWHUVIRU($&VXVFHSWLELOLW\W\SLFDOO\FRLQFLGHVZLWKD
H[FHOOHQWUHVLVWDQFHWRJHQHUDOFRUURVLRQLQWKHDEVHQFHRIDQ\VWUHVVDQGEWKHHOHFWURFKHPLFDOFRUURVLRQSRWHQWLDO
UHJLRQZKHUHWKHFRUURVLRQFXUUHQWGHQVLW\LVKLJKO\VHQVLWLYHWRFKDQJHVLQWKHSRWHQWLDO7KLVLVHVSHFLDOO\WKHFDVH
IRUQRUPDOO\GXFWLOHPDWHULDOV VXFKDV WKHDXVWHQLWLF VWDLQOHVV VWHHOV DQGQLFNHOEDVHDOOR\V LQ/:5 W\SHDTXHRXV
HQYLURQPHQWV 7KLV FRPPRQ SKHQRPHQRORJLFDO REVHUYDWLRQ DORQH VXJJHVWV WKH QDWXUH RI LQWHUDFWLRQ IRU ($& WR
LQYROYHDSURWHFWLYHLQWHUIDFHDFRUURVLRQSURGXFWRUDQR[LGHILOPDQGLWVUHSHDWHGORFDOGLVUXSWLRQRUGHJUDGDWLRQ
LQSURWHFWLYHTXDOLW\SDUWLFXODUO\GXHWRWKHPHFKDQLFDOVWUDLQLQJDFWLRQ
([SHULPHQWDOO\IRUH[DPSOHZLWKDVHULHVRIGLVFULPLQDWLQJWHVWVLWZDVGHPRQVWUDWHGWKDWFUHHSGHIRUPDWLRQDQG
VWUDLQ UDWH UDWKHU WKDQ VWUHVV per se ZHUH UHVSRQVLEOH IRU WKH PDQLIHVWDWLRQ RI 6&& LQ $OOR\  WXELQJ XQGHU
SULPDU\ZDWHU HQYLURQPHQW >@ VLPLODU UHVXOWVZHUH UHSRUWHG LQ RWKHU V\VWHPV >@ 6HYHUDO FKDUDFWHULVWLFV DQG
LQIOXHQFHVRI6&&KDYHEHHQFRPPRQO\REVHUYHGWRGLVSOD\VWURQJFRUUHODWLRQRUGHSHQGHQFHRQWKHDSSOLHGVWUDLQ
UDWHHJZLWKORZHULQJVWUDLQUDWHWKHSHDNVWUHVVDQGIDLOXUHVWUDLQLQDWHQVLOHWHVWDUHUHGXFHGZKLOHWKHSHUFHQW
DUHDDIIHFWHGE\6&&GDPDJHLVLQFUHDVHGWKHIDLOXUHWLPHDQGDYHUDJH6&&SHQHWUDWLRQUDWHDOVRVKRZFRUUHODWLRQ
ZLWK WKH VWUDLQ UDWH ([DPSOH FDVH VWXGLHV LQ/:5ZDWHU HQYLURQPHQWV LQFOXGH 6&&GDWD RQ7\SH  VWDLQOHVV
VWHHOV>@DQGRQ1L&U)H$OOR\>@
$GGLWLRQDOO\DPRUHFULWLFDOFRPSDULVRQEHWZHHQWKHHIIHFWRIVWUHVVper seYHUVXVWKHVLJQLILFDQFHRIDSSOLHG
VWUDLQUDWHLVLOOXVWUDWHGLQ)LJXVLQJGDWDIURP6&&RI$OOR\LQKLJKSXULW\ZDWHU>±@KHUHWKHGDVKHG
OLQHLVDUHSRWWHGVWUHVV±WLPHKLVWRU\LQDFRQVWDQWH[WHQVLRQUDWHWHVW&(57DW.ZLWK[íVíVWUDLQUDWH
WKH V\PEROV DUH IDLOXUH WLPHV REWDLQHG DW YDULRXV IL[HG DSSOLHG VWUHVV OHYHOV IRU WKH VDPH KHDW RI$OOR\  DOVR
WHVWHGDW.DQGSyGHQRWHVWKHFRUUHVSRQGLQJURRPWHPSHUDWXUH\LHOGVWUHQJWK7KHFRPSDULVRQVKRZVWKDWWKH
IDLOXUHWLPHLVPXFKUHGXFHGLQ&(57GHVSLWHWKHIDFWWKDWWKHWLPHLVVSHQWDWUHODWLYHO\ORZVWUHVVOHYHOVDWZKLFK
WKHFRQVWDQWORDGWHVWVVXUYLYHGIRUPXFKORQJHUSHULRGV6LPLODUFRQFOXVLRQDOVRFDQEHUHDFKHGIRUH[DPSOHLQWKH
FDVHRILQWHUJUDQXODU6&&RI7\SHVWDLQOHVVVWHHOLQ%:5W\SHR[\JHQDWHGZDWHUE\FRPSDULQJVWUHVVYHUVXV
WLPHUHVSRQVHLQ&(57>@ZLWKWKDWLQFRQVWDQWORDGWHVWV>@
)XUWKHUPRUHWKHVLJQLILFDQFHRIFUHHSDW.DVDVRXUFHRIWKHVWUDLQUDWHZDVDOVRVXJJHVWHGE\FRUUHODWLQJ
WKHHIIHFWRIFRPSRVLWLRQDOYDULDWLRQVRQWKH6&&VXVFHSWLELOLW\RI$OOR\W\SHPDWHULDOVZLWKDSDUDOOHOHIIHFWRQ
WKHLUFUHHSUHVSRQVH>@LQFOXGLQJWKHUROHRIPHFKDQLFDOFUHHSGDPDJHGHSHQGLQJRQWKHORDGLQJVHYHULW\DQG
DFFXPXODWHG LQWHUJUDQXODU GDPDJH >@ 7KH DFFHOHUDWLQJ LQIOXHQFH RI VORZ VWUDLQ UDWHV XQGHU&(57 HYHQ LQ WKH
QRUPDOO\6&&UHVLVWDQW$OOR\ZDVUHFHQWO\FRQILUPHG>@ LQGLFDWLQJWKDWIRUDJLYHQXQLIRUPVWUDLQDSSOLHG
WKH6&&GHJUDGDWLRQZDVJUHDWHUDWVORZHUVWUDLQUDWHVDQGWKDWWKHWLPHGHSHQGHQWFRPSRQHQWRIWKHHQYLURQPHQWDO
LQWHUDFWLRQZDVHQKDQFHGHVSHFLDOO\LQWKHLQLWLDWLRQSKDVHRIWKHGDPDJH7KHLPSRUWDQFHRIVORZVWUDLQLQJDFWLRQ
LQ6&&KDVDOVREHHQFRQILUPHGLQVHYHUDORWKHUPDWHULDO±HQYLURQPHQWV\VWHPV>HJ±@LQDGGLWLRQWRWKH1L
EDVHDOOR\VDQGVHULHVDXVWHQLWLFVWHHOVLQ/:5HQYLURQPHQWV
$VDQH[DPSOHRI DFWXDO VHUYLFH UHODWHG6&& IDLOXUHV LQ DJLYHQ VHWRI$OOR\ WXELQJPDWHULDO DQGSULPDU\
ZDWHUHQYLURQPHQW LWPD\EHQRWHG WKDW WKHHDUOLHVWVXFKIDLOXUHVZHUHIRXQG LQ WKH8EHQGUHJLRQRI WKHVH WXEHV
ZKLFKZHUHVXEMHFWWRWKHVRFDOOHGGHQWLQJLHFRQWLQXHGVTXHH]LQJRIWKHWZROHJVRID8EHQG>@ZKLFKLVD
IRUPRIDFWLYHVWUDLQLQJ LPSRVHG LQDGGLWLRQ WR WKHVHUYLFH WHPSHUDWXUHDQGSUHVVXUH ORDGV²RWKHUUHJLRQV LQ WKH
VDPHV\VWHPRI WXELQJDQGHQYLURQPHQW LQFOXGLQJWKRVHZLWKVRPHZKDWKLJKHU WHPSHUDWXUHV WKDQDW WKH8EHQGV
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GLG QRW VKRZ WKH 6&& XQWLOPXFK ODWHU LI DW DOO $QRWKHU HDUO\ VHUYLFH UHODWHG H[SHULHQFH WR QRWH LV WKDW RI WKH
H[WHQVLYH FUDFNLQJ LQ IXHO URG FODGGLQJPDGH RI 7\SH  VWDLQOHVV VWHHO LQ /:5 HQYLURQPHQWV >HJ @ 7KH
GHIHFWVGHYHORSHGDVDUHVXOWRI LUUDGLDWLRQDVVLVWHGVWUHVVFRUURVLRQFUDFNLQJ,$6&&DWVSHFLILF ORFDWLRQV LQDQ\
JLYHQIXHOURGVXEMHFW WR WKHVDPHHQYLURQPHQWDQG LQDPDWHULDOFRQGLWLRQ WKDWGLGQRWVKRZDQ\JUDLQERXQGDU\
FDUELGHVVHQVLWL]DWLRQDOVRWKHFUDFNLQJZDVREVHUYHGLQLQLWLDOO\DQQHDOHGDVZHOODVFROGZRUNHGFRQGLWLRQV7KH
VSHFLILF ORFDWLRQV RI FUDFNLQJ ZHUH FRQILQHG WR KLJK OHYHOV RI VWUHVV DQG LUUDGLDWLRQ DQG ZKHUH KLJK ORFDOL]HG
LQHODVWLFGHIRUPDWLRQZDVRFFXUULQJDWIXHOSHOOHWLQWHUIDFHVGXHWRWKHSHOOHW±WR±FODGLQWHUDFWLRQGXULQJLUUDGLDWLRQ
7KHVHFDVHVWXGLHVDUHQRWHGDVH[DPSOHVGLVFULPLQDWLQJWKHFULWLFDOUROHRIDFWLYHVWUDLQLQJUHODWLYHWRRWKHUIDFWRUV
LQ6&&DQG,$6&&
$VVXFKWKHVLJQLILFDQFHRIVWUDLQUDWHDVDNH\YDULDEOHLQ6&&DQGLQ($&LQJHQHUDOLVVWURQJO\LQDFFRUGZLWK
WKHDERYHSKHQRPHQRORJLFDOREVHUYDWLRQVDQGPHFKDQLVWLFFRQVLGHUDWLRQVSHUWLQHQWWRWKHPDQLIHVWDWLRQRI6&&,W
LVWREHQRWHGWKDWLQWHUPVRIWKHILOPUXSWXUHRULQWHUIDFHGLVUXSWLRQPHFKDQLVPXQGHUO\LQJWKH6&&($&GDPDJH
WKHLPSRUWDQWDVSHFWLVWKHEDODQFLQJDFWLRQRUUHODWLYHUDWHVRIWKHSURFHVVHVRIPHFKDQLFDOGLVUXSWLRQJRYHUQHGE\
WKH GHIRUPDWLRQ PHFKDQLFV DQG WKH IRUPDWLRQ RI SURWHFWLYH LQWHUIDFH OD\HU JRYHUQHG E\ WKH HQYLURQPHQWDO
HOHFWURFKHPLFDOLQIOXHQFHWKLVDVSHFWLVWDNHQLQWRDFFRXQWLQTXDQWLI\LQJWKHGDPDJHDVGHVFULEHGEHORZLQZKLFK
WKH DFWXDO GHWDLOV RI WKH WZR SURFHVVHV QHHG QRW EH VSHFLILHG EH\RQG D VHPLHPSLULF DSSURDFK 7KH DGGLWLRQDO
SUDFWLFDOEHQHILWRIH[SOLFLWO\UHODWLQJWKHVWUDLQUDWHSDUDPHWHUWRGDPDJHLVWKDWLWSURYLGHVDFRQVLVWHQWDQGXQLI\LQJ
EDVLVIRULQWHUSUHWLQJDQGFRUUHODWLQJWKH6&&($&GDPDJHXQGHUZLGHO\GLIIHULQJORDGLQJFRQGLWLRQVLQODERUDWRU\
WHVWVDQGXQGHUVHUYLFHFRQGLWLRQV


)LJ&RPSDULVRQRIVWUHVVOHYHOVDQGIDLOXUHUHVSRQVHXQGHU&(57DQGFRQVWDQWORDGWHVWVLOOXVWUDWLQJVLJQLILFDQFHRIVWUDLQUDWHYHUVXVVWUHVV
'DPDJHPHFKDQLFVDSSURDFK
+DYLQJHVWDEOLVKHGWKHVLJQLILFDQFHRIVWUDLQUDWHDVDNH\GULYHULQUHODWLRQWRWKHGHYHORSPHQWRI($&GDPDJH
LW LV RI LQWHUHVW WR H[DPLQH WKH SRVVLEOH TXDQWLILFDWLRQ RI WKLV GDPDJH E\ LQWHJUDWLQJ WKH GHIRUPDWLRQPHFKDQLFV
LQFOXGLQJFUHHSDQGWKHH[SHFWHGFRUURVLRQNLQHWLFVIRUDJLYHQPDWHULDO±HQYLURQPHQWV\VWHP,QRUGHU WRDGGUHVV
WKHUROHRIGHIRUPDWLRQSURFHVVPRUHH[SOLFLWO\LWLVFOHDUWKDWVRPHIRUPRIPDWHULDOFRQVWLWXWLYHUHODWLRQVVKRXOGEH
DQHVVHQWLDOSDUWRIDQ($&PRGHODQG WKDW WKHFRQVWLWXWLYH UHODWLRQV VKRXOG LQFOXGH WKH WLPHGHSHQGHQW VWUDLQLQJ
UHVSRQVH)XUWKHUPRUHWKHSURJUHVVLRQRIGDPDJHLQWKLVFDVHGXHWRWKHHQYLURQPHQWDOHIIHFWVVKRXOGEHUHODWHGWR
WKH VWUDLQLQJ DV ZHOO:LWK SURJUHVVLYH GDPDJH LW LV WR EH H[SHFWHG WKDW WKH ORDG EHDULQJ QHW VHFWLRQ DUHD ZLOO
GHFUHDVH OHDGLQJ WR LQFUHDVLQJ ORFDO VWUHVV DQG VWUDLQV UHODWLYH WR WKHLU QRPLQDO YDOXHV$OVR GXH WR WKH ORFDOL]HG
QDWXUHRI LQWHUDFWLRQDW WKH LQWHUIDFHEHWZHHQ WKHHQYLURQPHQWDQG WKHPDWHULDO WKHUDWHRIGDPDJH LVH[SHFWHG WR
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LQIOXHQFHWKHHIIHFWLYHVWUDLQLQJZLWKLQWKHORFDOGDPDJH]RQHWKLVLQIOXHQFHVKRXOGEHDGGUHVVHGLQFRQVLGHULQJWKH
UHODWLYH UDWHV RU EDODQFLQJ EHWZHHQ WKH ORFDO GHIRUPDWLRQDO DQG HQYLURQPHQWDO GDPDJH SURFHVVHV ,I WKH ORFDO
GHIRUPDWLRQLVWRRIDVWRUWRRVORZIRUWKHHQYLURQPHQWDOLQIOXHQFHWRPDQLIHVWWKHQWKH($&GDPDJHSURFHVVVKRXOG
VXEVLGHEXWFRQWLQXHRWKHUZLVH
7KHDERYHFKDUDFWHULVWLFVRI($&DQGWKHLULQWHJUDWLRQFDQEHVXPPDUL]HGE\WKHORJLFVKRZQLQ)LJ,QWKLV
ILJXUHWKHER[HVZLWKURXQGHGFRUQHUVDUHLQSXWVWKRVHZLWKEROGUHFWDQJOHDUHSRLQWVRIFDOFXODWLRQDQGWKRVHZLWK
TXHVWLRQVDUHORJLFDOFRPSDULVRQV7KHILJXUHLQFRUSRUDWHVWKUHHIXQFWLRQDOUHODWLRQVGHQRWHGE\(D), (F), and (G)

(D)LVWKHDFFXPXODWHG($&GDPDJHWKDWPD\EHUHODWHGWRWKHHIIHFWLYHGHSWKRISHQHWUDWLRQRUORVVRIORDG
EHDULQJDUHD
(F)UHSUHVHQWVWKHFRUURVLRQ±GHIRUPDWLRQLQWHUDFWLRQUHODWLQJWKHORFDOGDPDJHUDWHگDQGWKHHIIHFWLYHVWUDLQ
UDWHH 
(G)GHQRWHVWKHORFDOVWUHVV±VWUDLQUHVSRQVHLQFRUSRUDWLQJWKHLQIOXHQFHVRIHIIHFWLYHORFDOVWUHVVıDQGWKHUDWHRI
GDPDJHRQWKHHIIHFWLYHVWUDLQUDWHZKHUHıLVGHSHQGHQWRQWKHH[WHQWRIGDPDJHD

7KHPDMRUFRPSXWDWLRQDOVWHSVLQWKHDERYHORJLFFDQEHVXPPDUL]HGDVIROORZV

7KHQRPLQDO VWUHVV DQG VWUDLQ LH LQ WKHDEVHQFHRI DQ\GDPDJH DUHGHWHUPLQHG IURP WKH ORDGLQJ FRQGLWLRQ
FRPSRQHQWRUVSHFLPHQJHRPHWU\DQGWKHPDWHULDOFRQVWLWXWLYHUHODWLRQV
7KHHIIHFWLYHORFDOVWUHVVLVUHODWHGWRWKHQRPLQDOVWUHVVWKHDFFXPXODWHGGDPDJH'DQGLWVJURZWKUDWHDWWKH
WLPHWKDWLVLQFUHPHQWDOO\FKDQJHGLIWKHVHFWLRQGLGQRWUHDFKWKHDSSOLFDEOHIDLOXUHFULWHULRQ
7KHHIIHFWLYHORFDOVWUDLQUDWHLVHVWLPDWHGEDVHGRQWKHHIIHFWLYHVWUHVVDQGWKHPDWHULDOFRQVWLWXWLYHUHODWLRQV
WKHDFFXPXODWHGGDPDJHDQGFXUUHQW6&&GDPDJHJURZWKUDWH7KHORFDOVWUDLQUDWHLVFRPSDUHGZLWKDVSHFLILHG
VHWRIXSSHUDQGORZHUFULWLFDOYDOXHVIRUWKHGDPDJHWRPDQLIHVW
$IXQFWLRQDOUHODWLRQ)EHWZHHQWKH6&&GDPDJHUDWHDQGWKHORFDOVWUDLQUDWHLVXVHGWRGHWHUPLQHWKHFXUUHQW
GDPDJHUDWHWKLVUHODWLRQLVVSHFLILHGLQWHUPVRIWKH6&&SDUDPHWHUVGHSHQGHQWRQWKHPDWHULDOFRQGLWLRQDQG
WKHHQYLURQPHQWLQFOXGLQJWHPSHUDWXUH,Q)LJWKHGDVKHGDUURZFRQQHFWLQJWKHIDLOXUHER[DQGWKHPDWHULDO±
HQYLURQPHQWER[LVWRDFFRXQWIRUWKHSRVVLEOHFKDQJHLQWKLVFRPELQDWLRQDOWKRXJKLQWKLVSDSHUWKHPDWHULDODQG
HQYLURQPHQWDUHIL[HGZLWKUHVSHFWWRWLPHRUGDPDJHDFFXPXODWLRQ


)LJ/RJLFIRUWKHVWUDLQUDWHGDPDJHPHFKDQLFVDSSURDFKWRDVVHVVFRUURVLRQGHIRUPDWLRQLQWHUDFWLRQLQ6&&
$QDO\WLFDOO\WKHUHVXOWLQJGDPDJHPHFKDQLFVIRUPXODWLRQFDQEHGHVFULEHGE\WKHIROORZLQJJHQHULFH[SUHVVLRQV
> @ D F D TH     
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  G D D TH Vª º ¬ ¼   
> @ > @ nom nomg D g D DV V V         
+HUHTLVWKHDSSOLFDEOHWHPSHUDWXUHWKHVXEVFULSW³nom´LVXVHGWRGHQRWHWKHFRUUHVSRQGLQJQRPLQDOYDOXHLH
LQ WKH DEVHQFH RI DQ\ GDPDJH DQGg1 DQGg2 DUH WKH JHRPHWU\ GHSHQGHQW IXQFWLRQV RI GDPDJHD UHODWLQJ WKH
QRPLQDODQGORFDOHIIHFWLYHVWUHVVHV7KHIXQFWLRQGGHSHQGVRQWKHVSHFLILHGPDWHULDOFRQVWLWXWLYHUHODWLRQV7KH
DERYH IRUPXODWLRQ LV UHIHUUHG WR DV WKH VWUDLQ UDWH GDPDJH PHFKDQLFV 65'0 DSSURDFK 7KLV PD\ EH YLHZHG
HVVHQWLDOO\ DV DQ H[WHQVLRQ RI WKH FRQWLQXXP GDPDJHPHFKDQLFV DSSURDFK >@ XVHG LQ TXDQWLI\LQJ FUHHS GDPDJH
XVXDOO\DWKLJKWHPSHUDWXUHVWRLQFOXGHWKHGDPDJHGXHWRWKHHQYLURQPHQWDOHIIHFWVLQ6&&($&
,GHDOO\ WKH IXQFWLRQ F (TXDWLRQ  VKRXOG EH REWDLQHG IURP ILUVW SULQFLSOHV LQ WKH DSSOLFDEOH PDWHULDO±
HQYLURQPHQWV\VWHPRILQWHUHVWKRZHYHUIRUWKHSXUSRVHRIDQHQJLQHHULQJPRGHOLWLVGHHPHGVXIILFLHQWWRDVVXPH
DUHDVRQDEOHIRUPIRUWKLVZLWKYHULILFDWLRQIRULQWHUQDOFRQVLVWHQF\DQGH[SHFWHGWUHQGVIURPWKHUHOHYDQWGDWD7KH
FKRLFHRIPDWHULDOFRQVWLWXWLYHUHODWLRQVWRGHVFULEHWKHIXQFWLRQG(TXDWLRQLVJXLGHGE\WKHDYDLODEOHGDWDDQG
GHVLUHG SK\VLFDO EDVLV RU JHQHUDO DSSOLFDELOLW\ IRU D JLYHQ VHW RI PDWHULDOVFRQGLWLRQV RI LQWHUHVW 7KH VSHFLILF
IXQFWLRQV DQG UHVSHFWLYH SDUDPHWHUV XVHG LQ WKH LPSOHPHQWDWLRQ GLVFXVVHG LQ WKLV SDSHU DUH VXPPDUL]HG LQ WKH
Appendix 7KH DERYH ORJLF LV LPSOHPHQWHG ZLWK WKH VHW RI HTXDWLRQV LQWHJUDWHG QXPHULFDOO\ XVLQJ VXLWDEOH WLPH
LQFUHPHQWVWRFRPSXWHWKHFXPXODWLYHGDPDJH
65'0UHVXOWV
7KHDERYH65'0DSSURDFKDQGLWVYDOLGLW\DUHLOOXVWUDWHGKHUHZLWKLWVLPSOHPHQWDWLRQIRUWZRW\SHVRIORDGLQJ
FRPPRQO\ XVHG LQ HYDOXDWLQJ WKH 6&& VXVFHSWLELOLW\ LQ D JLYHQ PDWHULDO±HQYLURQPHQW FRPELQDWLRQ 2QH LV WKH
FRQVWDQW H[WHQVLRQ UDWH WHVW &(57 LQ ZKLFK DFWLYH QHDUO\ IL[HG QRPLQDO NQRZQ VWUDLQ UDWH LV LPSRVHG WR
PDLQWDLQDQDFFHOHUDWHGNLQHWLFVRI6&&7KHRWKHULVWKHFRQVWDQWORDGWHVWZLWKIL[HGQRPLQDOVWUHVVLQZKLFKWKH
VWUDLQ UDWHFRQWULEXWLRQ LVSULPDULO\GXH WR WKH WLPHGHSHQGHQWGHIRUPDWLRQ IURPPDWHULDOFUHHSDQG ORFDOGDPDJH
UHVSRQVH ,Q SDUWLFXODU WKH GDWD IURP &(57 DUH XVHG KHUH WR GHWHUPLQH WKH 65'0 SDUDPHWHUV DQG WKH 6&&
UHVSRQVH XQGHU FRQVWDQW ORDG FRQGLWLRQ LV SUHGLFWHGZLWK WKH 65'0PRGHO WKH SUHGLFWHG 6&& UHVSRQVH LV WKHQ
FRPSDUHGZLWKWKHGDWDIURPFRQVWDQWORDGWHVWV
7R UHGXFH DQ\ LPSDFW RI KHDWWRKHDW YDULDELOLW\ LQ WKLV DVVHVVPHQW DOO GDWD DUH WDNHQ IURP D VLQJOH KHDW RI
PDWHULDO± DPLOODQQHDOHGFRQGLWLRQRI1L&U)H$OOR\ZLWKFDUERQFRQWHQW >±@7KLVPDWHULDO LV
IDLUO\ VXVFHSWLEOH WR ,*6&& LQ KLJK SXULW\ GHR[\JHQDWHG ZDWHU WKH UHSRUWHG WHVW HQYLURQPHQW KDG YHU\ ORZ
FRQGXFWLYLW\DQGGLVVROYHGR[\JHQOHVVWKDQSSE7KH&(57GDWDZHUHUHSRUWHGRYHUWKHWHPSHUDWXUHUDQJHRI
.WR.DQGWKHFRQVWDQWORDGWHVWVZHUHFDUULHGDW.7KHWHVWVZHUHFRQGXFWHGRQW\SLFDOSODWHW\SH
PP ZLGH  PP JDXJH OHQJWK WHQVLOH VSHFLPHQV FXW IURP WXELQJ RI DERXW  PP WKLFNQHVV 7KH &(57
VDPSOHVKDGDQLQLWLDOFROGZRUNRIDERXWGXHWRIODWWHQHGVSOLWWXELQJ>@WKHFRQVWDQWORDGVSHFLPHQVZHUHFXW
IURPWKHDVUHFHLYHGWXELQJEXWZLWKRXWIODWWHQLQJRUUROOLQJ>@)RUUHIHUHQFHWKH&(57GDWDDUHVXPPDUL]HG
EHORZLQ7DEOH
7KH PDWHULDO FRQVWLWXWLYH UHODWLRQV LQ WKLV ZRUN XVH WKH %RGQHU3DUWRP IRUPXODWLRQ >@ DV GHVFULEHG LQ WKH
AppendixWKDWDOVROLVWVWKHUHVSHFWLYHSDUDPHWHUVIRUWKHDVUHFHLYHGDQGFROGZRUNHGFRQGLWLRQV7KHQRPLQDODQG
ORFDO VWUHVV±VWUDLQTXDQWLWLHVZHUH UHODWHG WKURXJK WKHHIIHFWLYH VWUHVVEDVHGRQ WKHQHWVHFWLRQXVLQJ WKH IODWSODWH
JHRPHWU\IXQFWLRQVJLYHQLQWKHAppendix7KHFRUURVLRQ±GHIRUPDWLRQLQWHUDFWLRQIXQFWLRQFJLYHQLQWKHAppendix
(TXDWLRQ$ZLWKQ N-PRODQG׋  LVXVHGZLWK LWVSDUDPHWHUĮ0 WKDWZDVHVWLPDWHG WRSURYLGHD
UHDVRQDEOHILWWRWHVWGDWDIURPWKUHH&(57VDQGLQ7DEOHIRUZKLFKFOHDUVWUHVV±VWUDLQUHVSRQVHZDV
DOVRDYDLODEOH




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7DEOH'DWDIURPFRQVWDQWH[WHQVLRQUDWHWHVWVRQ$OOR\WXELQJKHDWLQKLJKSXULW\GHR[\JHQDWHGZDWHU>@
7HVW
1R
7HPSHUDWXUH
.
6WUDLQUDWH
V
6&&GHSWK
PP
6&&UDWH
PPV
6&&SHULRG
GD\V
3HDNWUXHVWUHVVA
03D
  (  (  ±
  (  (  
  (  (  ±
  (  (  ±
  (  (  ±
  (  (  
  (  (  
6&&SHULRGLVHTXDOWRWKHUHSRUWHGGHSWKGLYLGHGE\,*6&&UDWH
A3HDNWUXHVWUHVVHVWLPDWHGIURPWKHVWUHVVVWUDLQFXUYHV


)LJ&RPSDULVRQRI65'0PRGHOILWZLWKUHSRUWHGSHDNWUXHVWUHVVHVIRUWKUHHFRQVWDQWH[WHQVLRQUDWHWHVWV


)LJ&RPSDULVRQRI65'0HVWLPDWHVRI6&&IDLOXUHSHULRGVZLWKUHSRUWHGGDWDIRUDOOFRQVWDQWH[WHQVLRQUDWHWHVWFRQGLWLRQVOLVWHGLQ7DEOH
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,QSDUWLFXODUWKHUHSRUWHGGDWDRQWKHWLPHRIDFWLYH6&&SHQHWUDWLRQDQGWKHWUXHSHDNVWUHVVUHDFKHGOLVWHGLQ
WKHODVWWZRFROXPQVRI7DEOHLQHDFKRIWKHVHWKUHHWHVWVZHUHFRPSDUHGZLWKWKH65'0HVWLPDWHVWRREWDLQWKH
YDOXHRIĮ07KHEHVWILWYDOXHRIĮ0 NPVUHVXOWHGLQPRGHOHVWLPDWHVRIWKH6&&WLPHWRZLWKLQDIDFWRURIWZR
RIWKHGDWD7KHPRGHOHVWLPDWHVRIWUXHSHDNVWUHVVHVZHUHZLWKLQRIWKHUHSRUWHGGDWDYDOXHVDVVKRZQLQ)LJ
'DWDIRURWKHU&(57VLQ7DEOHZHUHFRPSDUHGZLWKWKH65'0UHVXOWVIRUFRQVLVWHQF\DQGPRGHOYHULILFDWLRQ
)LJLOOXVWUDWHVWKLVFRPSDULVRQIRUDOO7DEOHWHVWVZKLFKVKRZVWKHPRGHOHVWLPDWHVIRUWKHDYHUDJHUDWHRI6&&
SHQHWUDWLRQ WREHZLWKLQDIDFWRURIDERXW WZRRQ WKHREVHUYHGUDWHVQRWH WKDW WKHSHQHWUDWLRQUDWHVGDWDZHUHQRW
XVHGLQWKHGHWHUPLQLQJWKHYDOXHRIĮ0$VVXFKWKHPRGHOLVFRQVLGHUHGWREHFRQVLVWHQWDQGLQUHDVRQDEO\JRRG
DJUHHPHQWZLWKWKH&(57UHVXOWV
6&&GDWDZHUHDOVRUHSRUWHGIRUVHYHUDOFRQVWDQWORDGFRQGLWLRQV>@IRUWKHVDPHHQYLURQPHQWDQGVSHFLPHQ
JHRPHWU\DVXVHGLQWKHDERYHDVVHVVHG&(57V7KHDSSOLHGORDGVFRYHUHGDZLGHUDQJHRIWKHIL[HGQRPLQDOVWUHVV
±IURPDERXWWRRIWKHPDWHULDO\LHOGVWUHQJWK03DDWURRPWHPSHUDWXUH7KHVHWHVWVZHUHGRQHDW
.WHPSHUDWXUHXVLQJWKHVDPHKHDWRI$OOR\KRZHYHUDVQRWHGHDUOLHUWKHPDWHULDOZDVLQWKHDVUHFHLYHG
FRQGLWLRQ DV FRPSDUHG WR WKH FROGZRUNHG FRQGLWLRQ 03D \LHOG VWUHQJWK RI WKH &(57 VDPSOHV 7KH 6&&
UHVSRQVHLVNQRZQWREHVHQVLWLYHWRWKHFROGZRUNOHYHODQGUHODWHGKLJKVWUHQJWK>@IURPWKHDVVHVVPHQWRI
WKHLU&(57GDWDLWZDVUHSRUWHGWKDWWKHDYHUDJHUDWHRI6&&NLQHWLFVLQFROGZRUNHGFRQGLWLRQZDVDERXWWLPHV
IDVWHUWKDQWKDWIRUWKHQRQIODWWHQHGDVUHFHLYHGFRQGLWLRQ>@7KHUHIRUHWKHDERYHHVWLPDWHRIĮZDVUHGXFHG
E\WKLVIDFWRUWRNPVLQDQDO\]LQJWKHFRQVWDQWORDG6&&GDWD7KH65'0IRUPXODWLRQZDVXVHGWRSUHGLFWWKH
6&& IDLOXUH WLPHV IRU YDULRXV IL[HG QRPLQDO VWUHVV FRQGLWLRQVZLWK WKH DERYH 6&&SDUDPHWHUV GHULYHG IURP WKH
&(57GDWDDQGWKHFRQVWLWXWLYHPRGHOSDUDPHWHUVJLYHQLQ7DEOH$IRUWKHDVUHFHLYHG$OOR\FRQGLWLRQ7KHVH
SUHGLFWHG6&&IDLOXUHWLPHVDUHFRPSDUHGZLWKWKHUHSRUWHGGDWDDVVKRZQLQ)LJZKHUHWKHVROLGOLQHVKRZVWKH
SUHGLFWHGVWUHVVGHSHQGHQFHDW.7KHFRPSDULVRQVKRZVWKDW WKHREVHUYHGIDLOXUH WLPHVDUHPRVWO\ZLWKLQD
IDFWRURIVKRZQE\WKHWZRGDVKHGOLQHVLQ)LJRIWKHSUHGLFWLRQ*LYHQWKDWQRQHRIWKHWHVWGDWDVKRZQLQ
)LJZDVXVHGLQWKH65'0DVVHVVPHQWRIWKHVHFRQVWDQWORDGWHVWVWKHSUHGLFWHGVWUHVVGHSHQGHQFHLVMXGJHGWREH
DFFHSWDEOHDQGDUHDVRQDEOHYDOLGDWLRQRIWKH65'0DSSURDFK


)LJ&RPSDULVRQRI65'0SUHGLFWHGUHVSRQVHRI6&&IDLOXUHWLPHVZLWKGDWD>@XQGHUFRQVWDQWORDGFRQGLWLRQV
'LVFXVVLRQ
7KH DERYH UHVXOWV XVLQJ WKH 65'0 ORJLF GHPRQVWUDWH WKDW WKH VWUDLQ UDWH EDVLV RIIHUV D XQLILHG WUHDWPHQW RI
GLIIHUHQWW\SHVRIORDGLQJFRQGLWLRQVLQFOXGLQJDFFHOHUDWHGWHVWVDQGFRQILUPWKHYDOLGLW\RIWKHDSSURDFKFRQVLVWHQW
ZLWK PDMRU WUHQGV ZLWK UHJDUG WR WKH 6&& VXVFHSWLELOLW\ DV ZHOO DV WKH SODXVLEOH PHFKDQLVWLF FRQVLGHUDWLRQV
DOWKRXJKWKHDSSURDFKLVVHPLHPSLULFDO7KHNH\HOHPHQWVRIWKHDSSURDFKFDQEHUHODWHGWRRULQWHUSUHWHGLQWHUPV
RIWKHUHSHDWHGLQWHUUXSWLRQRIRWKHUZLVHSURWHFWLYHQDWXUHRIWKHLQWHUIDFHEHWZHHQWKHHQYLURQPHQWDQGWKHPDWHULDO
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FDXVHGE\WKHGHIRUPDWLRQSURFHVVZKLOHLPSOLFLWO\DFFRXQWLQJIRUWKHORFDOGHYHORSPHQWRIGDPDJH,QWKLVUHJDUG
DOWKRXJK WKH GHWDLOHG PHFKDQLVWLF XQGHUVWDQGLQJ LV QRW \HW FOHDU RU FRPSOHWH WKH VORZ VWUDLQLQJ DQG ORFDOL]HG
GHIRUPDWLRQKDYHEHHQLPSOLFDWHGHYHQZKHQK\GURJHQLQIOXHQFHPD\EHLQYROYHGLQ($&>@DVVXFKWKLV
LQIOXHQFHLVDFFRXQWHGIRUDWOHDVWLQSULQFLSOHLQWKHVHPLHPSLULFVWUDLQUDWHEDVHGGDPDJHHYDOXDWLRQDSSURDFK
,W LV LQWHUHVWLQJ WR QRWH WKDW WKH XVH RI GDPDJHEDVHG HIIHFWLYH VWUHVV FRQFHSW LQ WKH IUDPHZRUN RI FRQWLQXXP
GDPDJHPHFKDQLFVVLPLODUWRWKDWGLVFXVVHGLQWKLVSDSHUDQGLQ>@ZDVDOVRVKRZQWREHLQDJUHHPHQWZLWKGDWD
LQPRGHOLQJ WKH6&& UHVSRQVHRI7\SH VWDLQOHVV VWHHO LQ DFLGFKORULGH VROXWLRQ LQDQRWKHU VWXG\ >@²DOEHLW
ZLWKDGLIIHUHQWFRQVWLWXWLYHPRGHOQRWHGWRKDYHDWKHUPRG\QDPLFEDVLV
7RDILUVWDSSUR[LPDWLRQWKHHIIHFWLYHVWUHVVLQWKHSUHVHQWDSSOLFDWLRQRI65'0ZDVHTXDWHGWRWKHQHWVHFWLRQ
VWUHVV²WKLVLVQHLWKHUDUHTXLUHPHQWQRUDOLPLWDWLRQRIWKHIRUPXODWLRQ7KHEDVLVHTXDWLRQVDUHIOH[LEOHHQRXJKWR
LQFRUSRUDWHIXUWKHUQRQOLQHDUGDPDJHIRU ORFDO LQWHUDFWLRQRUHQYLURQPHQWDOHIIHFWV LIUHTXLUHGE\PRGLI\LQJWKH
HIIHFWLYHVWUHVVWREHPRUHVHQVLWLYHWRWKHORFDOGDPDJHDFFXPXODWLRQ$OWHUQDWLYHO\DQHQKDQFHPHQWWRWKHFXUUHQW
IRUPXODWLRQ LV FRQVLGHUHGPRUH HIIHFWLYH LI DQ DGGLWLRQDO VWDWH YDULDEOH LV LQWURGXFHG WR UHIOHFW WKH ORFDO VWUHQJWK
UHGXFWLRQGXHWRHQYLURQPHQWDOLQWHUDFWLRQ
7KHFRQWLQXXPGDPDJHDSSURDFKGLVFXVVHG LQ WKLVZRUNGRHVQRW UHTXLUHDSUHH[LVWLQJFUDFN WREHSUHVHQWRU
HQYLURQPHQWDOFRQGLWLRQVWREHIL[HGIRULWVDSSOLFDWLRQ,WLVRIWHQFRQVLGHUHGKRZHYHUWKDWDZHOOGHILQHGVLQJXODU
FUDFNLVSUHVHQWDQGWKDWLWVJURZWKNLQHWLFVVKRXOGLQSULQFLSOHLIQRWLQVWULFWVHQVHEHUHODWHGWRWKHVWUDLQUDWHDW
WKHFUDFNWLS&RQVLGHULQJWKDWWKHPHFKDQLFDOVWUDLQE\GHILQLWLRQUHIHUVWRWKHJUDGLHQWRIGLVSODFHPHQWRIQHDULQJ
SK\VLFDOSRLQWVWKHVWUDLQUDWHDWFUDFNWLSLVGLIILFXOWWRGHILQHOHWDORQHHVWLPDWHPRUHVRDWWKHWLSRIDJURZLQJ
FUDFN$QDOWHUQDWLYHWUHDWPHQWRI6&&NLQHWLFVLVWKHQRIWHQEDVHGRQIUDFWXUHPHFKDQLFVW\SHVSHFLPHQVZLWKODUJH
LQLWLDOO\ FUDFNHG JHRPHWULHV DQG XWLOL]HV VRPH IRUP RI FUDFNWLS VWUDLQ UDWH HVWLPDWLRQ >HJ @ WKDW QHFHVVDULO\
LQWURGXFHVHPSLULFLVPDQGDGGLWLRQDOSDUDPHWHUV7KHXVHRIOLQHDUHODVWLFIUDFWXUHPHFKDQLFV/()0DWOHDVWIRU
DVVHVVLQJ WKHFUDFNJURZWKUDWHRIDGHILQHGFUDFN LV IDLUO\FRPPRQLQDGGUHVVLQJ WKH($&DQGGHVHUYHVDEULHI
FRPPHQW/()0GHVFULEHV WKH OLQHDU HODVWLF VWUHVV±VWUDLQ ILHOGV VXUURXQGLQJ EXW QRW DW WKH WLS RI DZHOOGHILQHG
VLQJXODU FUDFN XQGHU VWDWLF FRQGLWLRQV DQG XVHV WKH /()0 W\SH SDUDPHWHUV WR UHODWH WKHVH ILHOGV WR WKH UHPRWH
QRPLQDOVWUHVVFRQGLWLRQVRQ WKHEDVLVRIDVLPLOLWXGHDUJXPHQW IRUDQ LGHDOL]HG OLQHDUHODVWLFPDWHULDOEHKDYLRU
GLVUHJDUGLQJDQ\FKDQJHVDQGIHDWXUHVLQWKHPLFURVWUXFWXUH)XUWKHUXQGHU($&FRQGLWLRQVWKHUHLVDIXQGDPHQWDO
ORVVRIWKHVLPLOLWXGHGXHWRWKHVLJQLILFDQWSRVVLEO\LQWHQVHLQWHUDFWLRQEHWZHHQWKHHOHFWURFKHPLFDOFRUURVLRQDQG
WKHUPRPHFKDQLFDOGHIRUPDWLRQSURFHVVHVUHVSRQVLEOHIRUWKH($&NLQHWLFV7KDWLVWKHFUDFNGULYLQJIRUFHper se
LVQRWRQO\PHFKDQLFDOEXWHOHFWURFKHPLFDODQGWKHWZRGRQRWKDYHWKHVDPHGHSHQGHQFHRUVFDOLQJZLWKJHRPHWU\
$OVRPDWHULDOFRQVWLWXWLYHUHODWLRQVIRUDQ\WLPHGHSHQGHQFHRUGDPDJHGHSHQGHQFHDUHQRWFRQVLGHUHGLQVXFKDQ
DSSURDFK7KHVHOLPLWDWLRQVUHQGHUWKLVDOWHUQDWLYHWR($&DVVHVVPHQWWREHQHFHVVDULO\HPSLULFDOLQQDWXUH
,QWKLVSDSHUWKHLPSOHPHQWDWLRQRI65'0XVHGIRUGHPRQVWUDWLRQDQGYDOLGDWLRQRIWKHDSSURDFKWRTXDQWLI\WKH
6&&GDPDJHZDVOLPLWHGWRXQLUUDGLDWHGFRQGLWLRQVDOWKRXJKWKHVLJQLILFDQFHRILUUDGLDWLRQFUHHSDQGLWVUHODWLRQWR
,$6&& ZHUH DOVR GLVFXVVHG &RQVLGHULQJ WKH FRPPRQ XQGHUVWDQGLQJ WKDW ,$6&& DQG 6&& VKDUH WKH VDPH
PHFKDQLVPVLWLVUHDVRQDEOHWRH[SHFWWKDWWKHSUHVHQWHGDSSURDFKVKRXOGDOVREHDSSOLFDEOHWRDVVHVVWKH,$6&&
GDPDJH7KLVDSSOLFDWLRQQHHGV WREH IXUWKHUGHYHORSHGDV DXVHIXO H[WHQVLRQRI WKH65'0EDVLV DGGUHVVLQJ WKH
SRVVLEOHHIIHFWRIDGGLWLRQDOFUHHSZLWKLWVGHSHQGHQFLHVRQWKHLUUDGLDWLRQIOX[IOXHQFHDQGVWUHVVDVQRWHGHDUOLHULQ
WKHSDSHU)XUWKHUDVVHVVPHQWZRXOGEHXVHIXOWRDVFHUWDLQZKHWKHUDSSURSULDWHO\PRGLILHGFRQVWLWXWLYHUHODWLRQVWR
DFFRXQWIRU WKHHIIHFWRI LUUDGLDWLRQRQVWUDLQUDWHZRXOGDGHTXDWHO\FDSWXUH WKHHQKDQFHPHQW LQ6&&NLQHWLFVRU
FKDQJHVWRWKHGDPDJHUDWHUHODWLRQ(TXDWLRQ$LQSDUWLFXODUWKHSDUDPHWHUĮ0ZRXOGDOVREHUHTXLUHGWKLVFDQEH
GRQHZLWKSDUDPHWULFHYDOXDWLRQDQGFRPSDULVRQZLWK,$6&&WHVWGDWD2EYLRXVO\WKHIUDPHZRUNDQGPHWKRGRORJ\
DVGHVFULEHGKHUHFDQEHXWLOL]HGIRUWKLVDVVHVVPHQWDQGLWFDQWKXVEHVHHQDOVRWRHQDEOHHYDOXDWLRQRIWKHUHODWLYH
FRQWULEXWLRQRUVHQVLWLYLW\RIGHIRUPDWLRQPHFKDQLFVSDUDPHWHUVYLVjYLVWKRVHRIWKHHQYLURQPHQWDOLQIOXHQFH
6XPPDU\DQGFRQFOXVLRQV
,Q WKLV SDSHU WKH RFFXUUHQFH DQG FKDUDFWHULVWLFV RI ORZ WHPSHUDWXUH FUHHS DQG LUUDGLDWLRQ FUHHS XQGHU /:5
VHUYLFH FRQGLWLRQV ZHUH UHYLHZHG )URP WKLV UHYLHZ LW ZDV FRQFOXGHG WKDW WKH PHWDOOLF PDWHULDOV DUH VXEMHFW WR
PHDVXUDEOH FUHHSGHIRUPDWLRQ HYHQXQGHU FRQGLWLRQVRI UHODWLYHO\ ORZ WHPSHUDWXUHV DQG VWUHVVHVZLWKRUZLWKRXW
LUUDGLDWLRQ7KHWRWDOFUHHSPD\QRWEHWRRODUJHWRDIIHFWWKHVWUHQJWKDQGGHIRUPDWLRQOLPLWVIRURSHUDWLRQKRZHYHU
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WKHUHVXOWLQJVORZDQGVXVWDLQHGVWUDLQUDWHVRYHUORQJSHULRGVRIRSHUDWLRQDUHOLNHO\WREHVLJQLILFDQWZLWKUHVSHFWWR
WKH($&GDPDJHDFFXPXODWLRQ
7KH VLJQLILFDQFHRI VWUDLQ UDWH DQG LWV UHODWLRQ WRSODXVLEOH($&GDPDJHPHFKDQLVPVZHUHH[DPLQHG DQG WKLV
UROHRIVWUDLQUDWHZDVVXSSRUWHGZLWKDEULHIEXWFULWLFDODVVHVVPHQWRIVHYHUDOSKHQRPHQRORJLFDODQGVHUYLFHIDLOXUH
REVHUYDWLRQV
$Q DSSURDFK WR DFFRXQW IRU WKH PDWHULDO GHIRUPDWLRQ DQG LWV LQWHUDFWLRQ ZLWK WKH FRUURVLRQ SURFHVV ZDV
VXPPDUL]HGXVLQJ WKH IUDPHZRUNRIGDPDJHPHFKDQLFV LQZKLFK VWUDLQ UDWH DQG($&GDPDJH UDWHSURFHVVHV DUH
FRXSOHG,QWKLVDSSURDFKWKHPDWHULDOGHIRUPDWLRQUHVSRQVHXWLOL]HVLQHODVWLFFRQVWLWXWLYHUHODWLRQVZLWKLQWHJUDWLRQ
RIDGDPDJHIXQFWLRQUHSUHVHQWLQJWKHLQWHUDFWLYHQDWXUHRIWKH($&SURFHVV
7KH ORJLF DQG FRPSXWDWLRQDO VWHSV IRU LPSOHPHQWLQJ WKH DSSURDFK ZHUH GHVFULEHG DQG LOOXVWUDWHG ZLWK LWV
LPSOHPHQWDWLRQIRUWZRW\SHVRIORDGLQJFRPPRQO\XVHGLQHYDOXDWLQJWKH6&&VXVFHSWLELOLW\LQDJLYHQPDWHULDO±
HQYLURQPHQWFRPELQDWLRQZLWKGLIIHULQJVWUDLQUDWHFKDUDFWHULVWLFVDFRQVWDQWH[WHQVLRQUDWHWHVWDQGDFRQVWDQWORDG
WHVW7KH6&&GDWD IURPFRQVWDQW H[WHQVLRQ UDWH WHVWVZHUHXVHG WRGHWHUPLQH WKHSDUDPHWHUVRIGDPDJH IXQFWLRQ
ZKLFKVKRZHGLQWHUQDOFRQVLVWHQF\DQGUHDVRQDEO\JRRGDJUHHPHQWEHWZHHQWKHGDWDDQGPRGHOHVWLPDWLRQVIRU6&&
OLIHDQGSHDNVWUHVVLQWKHVHWHVWV
7KH GDPDJHPHFKDQLFV IRUPXODWLRQZDV YDOLGDWHGZLWK WKH IDLOXUH WLPHV IRU D UDQJH RI FRQVWDQW ORDG WHVWV DV
SUHGLFWHGE\XVLQJ WKHSDUDPHWHUV WKDWZHUHEDVHGRQ WKHLQGHSHQGHQWGDWDIURPWKHFRQVWDQWH[WHQVLRQUDWH WHVWV
XVLQJ WKH VDPHKHDWRIPDWHULDODQGHQYLURQPHQWDOFRQGLWLRQV*RRGDJUHHPHQWZDV IRXQGEHWZHHQ WKHSUHGLFWHG
UHVXOWVRIVWUHVVGHSHQGHQFHDQGIDLOXUHWLPHVDQG6&&GDWDIRUWKHFRQVWDQWORDGFRQGLWLRQV
/LPLWDWLRQVRIWKHGDPDJHPHFKDQLFVIRUPXODWLRQDQGRWKHUEDVHVLQTXDQWLI\LQJWKH($&UHVSRQVHZHUHEULHIO\
QRWHG$OVRIURPWKHUHYLHZRIOLWHUDWXUHLWZDVQRWHGWKDWWKHLQIOXHQFHRILUUDGLDWLRQFUHHSRQ($&DSSHDUVQRWWR
KDYHEHHQPDGHH[SOLFLWRUWDNHQLQWRDFFRXQWDWSUHVHQW7KHVHDVSHFWVZHUHGLVFXVVHGLGHQWLI\LQJSRVVLEOHXVHIXO
UHILQHPHQWV WR WKH VWUDLQ UDWH EDVHG DVVHVVPHQW RI ($& GDPDJH ,W LV UHDVRQDEOH WR H[SHFW WKDW WKH SUHVHQWHG
DSSURDFKVKRXOGDOVREHDSSOLFDEOHWRDVVHVVWKH,$6&&GDPDJHDQGWKDWLWQHHGVWREHIXUWKHUGHYHORSHGDVDXVHIXO
H[WHQVLRQRIWKH65'0EDVLVDGGUHVVLQJWKHSRVVLEOHHIIHFWRIDGGLWLRQDOGDPDJHGXHWRHIIHFWVRILUUDGLDWLRQ
$SSHQGL[$
A.1. SCC kinetics 
6&&FRQWLQXHVWREHRQHRIWKHDFWLYHGHJUDGDWLRQPHFKDQLVPVLQVHYHUDOVDIHW\UHODWHGFRPSRQHQWVRIQXFOHDU
UHDFWRUV\VWHPV UHTXLULQJHQJLQHHULQJDVVHVVPHQWDQGDGHTXDWHPDQDJHPHQWHVSHFLDOO\ IRU ORQJ WHUPRSHUDWLRQV
7ZRRIWKHSURPLQHQWFDVHVRI6&&LQYHVWLJDWHGLQWKHVHV\VWHPVLQFOXGHWKHLQWHUJUDQXODUVWUHVVFRUURVLRQFUDFNLQJ
,*6&& RI DXVWHQLWLF VHULHV VWDLQOHVV VWHHOV LQ ERLOLQJZDWHU UHDFWRUV SLSLQJ QR]]OHV DQGZHOGV DQG WKH
SULPDU\ZDWHUVWUHVVFRUURVLRQFUDFNLQJ3:6&&RI1L&U)H$OOR\WXELQJQR]]OHVDQGZHOGVLQSUHVVXUL]HG
ZDWHUUHDFWRUV%RWKDUH6&&ZLWKLQWHUJUDQXODUPRUSKRORJ\ZLWKUHVSHFWLYHKLJKSXULW\ZDWHUHQYLURQPHQWVLQWKH
QRUPDORSHUDWLQJ WHPSHUDWXUHUDQJHRIDERXW.WR.,Q WKHVHFDVHV WKH WHPSHUDWXUHGHSHQGHQFHRI6&&
NLQHWLFV LV JHQHUDOO\ DFFHSWHG WR IROORZ WKH $UUKHQLXV H[SRQHQWLDO IRUP DQG HDUOLHU UHVHDUFK >  DQG @
VXJJHVWHGDVLPSOHSRZHUODZIRULWVVWUDLQUDWHGHSHQGHQFHWKHVHZHUHIRXQGWREHDGHTXDWHLQWKHDSSOLFDWLRQRI
65'0 DSSURDFK IRU HQJLQHHULQJ SXUSRVHV 7KH UHVXOWLQJ H[SUHVVLRQ XVHG LQ WKLV ZRUN IRU WKH GDPDJH UDWHگ
(TXDWLRQLQWKHPDLQWH[WLVJLYHQDVIROORZV
  D exp Q RT ID       $
+HUHRLVWKHXQLYHUVDOJDVFRQVWDQW-PROڄ.TLVWKHWHPSHUDWXUHLQDEVROXWHVFDOHQLVWKHDFWLYDWLRQ
HQHUJ\DQGĮ0WKHSUHPXOWLSOLHUDQG׋WKHH[SRQHQWDUHPDWHULDO±HQYLURQPHQWGHSHQGHQWSDUDPHWHUV
7KH6&&GDWDIURPFRQVWDQWH[WHQVLRQUDWHWHVWV&(57VRQ$OOR\WXELQJKHDWWHVWHGLQKLJKSXULW\ZDWHU
>@SURYLGHGDQHVWLPDWHRIN-PROIRUWKHDFWLYDWLRQHQHUJ\7KLVYDOXHLVLQWKHUDQJHRIDSSDUHQWDFWLYDWLRQ
HQHUJ\RIDERXWWRN-PROUHSRUWHGIRUVLPLODUFRQGLWLRQV>DQG@WKHVHUHSRUWVDOVRQRWHGWKDW
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WKHDFWLYDWLRQHQHUJ\GLGQRWVKRZGLVFHUQLEOHHIIHFWRIFROGZRUN7KHUHIRUHWKHYDOXHRIQZDVWDNHQWREH
N-PROIRUERWKWKH&(57VDQGWKHFRQVWDQWORDGWHVWVDQDO\]HGLQWKLVZRUN7KHYDOXHRIH[SRQHQW׋ZDVIL[HGDW
EDVHGRQDSUHYLRXVLQLWLDOSDUDPHWULFVWXG\XVLQJVLPLODU65'0LPSOHPHQWDWLRQ>@,WLVLQWHUHVWLQJWRQRWH
IURPDQ LQGHSHQGHQWVWXG\ZLWKDPHFKDQLVWLF LQWHUSUHWDWLRQRI6&&NLQHWLFV LQIDFHFHQWHUHGFXELFDOOR\VDQG LWV
UHODWLRQWRVWUDLQUDWHWKDWDVLPLODUSRZHUODZZDVVXJJHVWHGZLWKWKHH[SRQHQWWREHLQWKHUDQJHRIWRIRU
LQWHUJUDQXODUPRUSKRORJ\>@7KHYDOXHRIĮ0ZDVGHWHUPLQHGWREHVWILWWKH&(57GDWDDVGHVFULEHGLQWKHResults
VHFWLRQRIWKHPDLQWH[WWKLVYDOXHZDVNPVIRUWKHFROGZRUNFRQGLWLRQRIWKH$OOR\WXELQJXVHGLQWKH
&(57VZLWKWKHVWUDLQUDWHH[SUHVVHGLQXQLWVRIV
A.2. Constitutive relations 
7KHFRQVWLWXWLYHUHODWLRQVWRGHVFULEHWKHPDWHULDOGHIRUPDWLRQUHVSRQVHLQ WKLVZRUNDUHEDVHGRQWKH%RGQHU±
3DUWRPIRUPXODWLRQ>@WKHVHDUHXVHGWRUHODWHWKHORDGLQJDQGJHRPHWU\WRWKHVWUHVV±VWUDLQDQGVWUDLQUDWHKLVWRU\
LQFOXGLQJWLPHGHSHQGHQWVWUDLQV7KHXVHRIWKLVIRUPXODWLRQZDVJXLGHGE\WKHDYDLODEOHGDWDIRU$OOR\DQGLWV
JHQHUDOLW\WRDGGUHVVGLIIHUHQWW\SHVRIORDGLQJDQGFUHHSUHJLPHRILQWHUHVW>@DOVRLWKDVVWURQJOLQNVWRWKHEDVLF
PLFURVWUXFWXUDO SURFHVVHV XQGHUO\LQJ WKH WLPHGHSHQGHQW GHIRUPDWLRQ UHVSRQVH VXFK DV WKH GLVORFDWLRQ G\QDPLFV
VROXWHVWUHQJWKHQLQJDQGUHODWHGVWUDLQKDUGHQLQJUHFRYHU\>@7KHIRUPXODWLRQXWLOL]HVDVFDODUYDULDEOHFDOOHGWKH
³KDUGQHVV´YLHZHGDVDQLQWHUQDOYDULDEOHUHODWHGWRWKHZRUNRILQHODVWLFGHIRUPDWLRQGXULQJWKHSULRUORDGKLVWRU\
LWLVVXPPDUL]HGE\WKHIROORZLQJUHODWLRQV
  n nE or EV V              $
      nn D exp Z V  ª º¬ ¼   $
  pZ m Z Z W      $
p nW V     $
+HUHRYHUKHDGGRWGHQRWHVWKHUHVSHFWLYHUDWHıLVWKHVWUHVV׫LVWKHWRWDOVWUDLQ׫nLVWKHQRQHODVWLFVWUDLQWp
DQGZUHSUHVHQWWKHVWDWHYDULDEOHVIRUWKHGHIRUPDWLRQZRUNGHQVLW\DQGKDUGQHVVPHDVXUHUHVSHFWLYHO\DQGELVWKH
<RXQJ¶VPRGXOXVRIHODVWLFLW\D0DQGZ1DUHPDWHULDOSDUDPHWHUVLQGHSHQGHQWRIWHPSHUDWXUHmDQGnDUHPDWHULDO
SDUDPHWHUVZLWKWHPSHUDWXUHGHSHQGHQFHJLYHQE\>@m = C0 + m0ڄTDQGn = a/T
7KHPDWHULDOVSHFLILFSDUDPHWHUVIRUWZRFRQGLWLRQVRI$OOR\XVHGLQWKLVZRUNDUHOLVWHGLQ7DEOH$
7DEOH$0DWHULDOSDUDPHWHUVLQWKH%RGQHU3DUWRPFRQVWLWXWLYHUHODWLRQVRIYLVFR
SODVWLFLW\IRUWZR$OOR\FRQGLWLRQV
3DUDPHWHU 8QLWV $VUHFHLYHG &ROGZRUNHG
D0 V  
Z1 03D  
a .  
m0 03D. ( (
C0 03D ( (
m1 . ( (
C1 ± ( (
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7KH<RXQJ¶VPRGXOXVRIHODVWLFLW\LVHVWLPDWHGDVE (MPa) = 259363í199.244T+0.205857T 2+ 5.91521x10í5T 3 
í 2.029x10í7T 4DQGWKHLQLWLDOYDOXHRIZ (MPa) = (C1ím1 T) Z1EDVHGRQWKHDVVHVVPHQWRIWHQVLOHVWUHVV±VWUDLQ
GDWDRQ$OOR\>@
7KHDERYHFRQVWLWXWLYHUHODWLRQVDUHDVVXPHGDSSOLFDEOHIRUWKHQRPLQDOXQGDPDJHGVHFWLRQTXDQWLWLHVGHQRWHG
ZLWKWKHVXEVFULSW³nom´DQGIRUWKHHIIHFWLYHORFDOVHFWLRQTXDQWLWLHVZKHUHPD[LPXPORVVRIFURVVVHFWLRQGXHWR
6&&LVRFFXUULQJ
A.3. Effective stress–strain 
:LWKRXW ORVVRIJHQHUDOLW\ WKHFXPXODWLYHGDPDJHD LV LQWHUSUHWHG WREHXQLTXHO\ UHODWHG WR WKHGHSWKRI6&&
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